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scription kit, Thermofisher) # 5% i sgRNA , 3 {f
AL B T T ¥E 4l Ak [P sgRNA, Cas9 mRNA %
HESC Rk 24k ) %5, B Cas9 (300 ng/pl) Al sgRNA
(50 ng/pl) IR A W ST 2] 1 40 i 3 19 # 6 iR
JEH . EMRIG & E 4 d BB 5 B E8 4 IR iR
DNA, fii JI# 0 51 %) jun DF/DR (5 1) PCR §" 1
Jun BYEEANL SR BL AR AL PCR =91 5 B A ALY
AHECBA AR S, KT Fo IR gR ki, SRS
i R EE R PCR 7 ¥ 0k i i FO 5878 B a1, o 5
A FO AR f 5 B A R e 22, 3R AR F1 AR SR AR 14K,
K F1 AR SR 2 fa, PR3 2 B0 v B I 0 3 1 F1AR
H AR — SR B AP AT H 2R B F2 RO FR 2K
i, @ f PCR ik th F2 AR il & 7 28 A8 14, 4%
RAFM A F EHH Y R UL G 2 S i
1.6 RIEM jun™ AM24 (FEFIR & NNV I H L
WIFEEEENM

WY AR AL IR G RRAT B IR I 3 d R
F2H 15 BACA 35 mm 5 % Lo A S ik RS
4 mLIgIRIR R, & 0.2.10.50,100,200 pL



154 L 3 AP N S 3 %40 &
*x1 ZWAEASY
Table 1 Primers used in the experiment
Gk Il (5'—>3") H Y = BER /N /bp BB P 5 5
Primer Sequence Size Accession number
jun CDS F ATGTCTAGAAAAATGGAAGC 918
jun CDS R GTAGCCTTGGAGCTGCTGTG
jun RT F GACGCCTCGAACTCGCAGA 133
jun RT R TGTCCAGAGCCTTCGAGCTGA LOCIOT7301
jun DF AAATGGAAGCGACTTTTTACGA 477
jun DR GGCTGAAAGTGGCTAAGTTTGT
jun sgl F ATCCTGACGTCGCCCGATGTGGG
jun sg2 F GGACAGACAGTTGCTACCGGCGG
gRNA R AAAAGCACCGACTCGGTGCC
jun qRT-F CCACCCCGACCCAGTTCGT 171
jun qRT-R GAATCCCGCCGCTCTCACACC
NNV RNA2 qRT-F AAATGGTGGGAAAGCAGAACA
167 MN105076.1
NNV RNA2 qRT-R CGAACACTCCAGCGACACA
fosl1 qRT-F ACTTCGACCACGCAACAGG
. o~ 192 XM_011479987
fosi1 qRT-R CTGTGGACCCATCGCCCTC
tbk1 qRT-F GCATCGGCGTTACCTTCTACCAC
. . o o 156 XM_023952315
thk1 qRT-R CAATCTTGCCGTTTTCGCTCT
irf3 qRT-F TCGACTCTGAAGCAGGAATCACA . XM 011488068
irf3 qRT-R TCAGGCAACCCAGTTTCACCG -
Bractin qRT-F TATCATTCGCCTGAAACCGAT
. A - 114 NM_001104808.1
Bractin qRT-R CTTTGCACATGCCAGATCCG

PR IR IR RE HEAT M B TR B L A TS5 L LA

HOIEREE R . SR NNV R I 76 5056
25 AR A BE A 2 B AR AR 1 SR RGNNV [ fR5F
SIY4 5t PCR 34 &K J5 T, 17 5 8 & 8 RGN-
NV, HAE 2 4 RNA &, 475 RNA1(2.9 kb,
NCBI 4145 MZ053461) fl RNA2 (1.4 kb, NCBI
JPHI155 MN105076.1) K 9% B 78 41 Bt GE 41 ffg o
PR T —80 CCREF) .

S 2% TS I B0 X A7 A T B IR S . K
5 15 S 0 B B A= 7 B AT A NNV) X
HEZH CHBF AR 5 847 f8n NNV RS2 3 24 Gun
A124 RAFRAE N NNV) % B8 41 F1 52 56 20 2
A 100 pL NNV, 4 Ff 12 h W 2830 S 4L i sE 1
B Sem L Em R 7 K B n 2 R 4R Ak B4 Y
FET 2 .

XoF G AT (e S N ol P R U A g
N A TR X ) R % 78 AR o £ (52 36 2D 1 ik 5 L
B N TS 25 pL NNV, & HES 10 B, R YL 2
JEJEHCRE . T NNV 22050 i 20 41 205 46 10 i
FHR A1 20, $2 U B L BEAULA 4 4140 RNA, il
iF qRT-PCR &1 jun '~ A124 FIEF A= 4% 2 41
NNV 55 5 B A 0 2 il B (R D

1.7 jun ™" A4 XM FHAERERRBEZGTTH
EHEXERMFRIX

WiTS THEBBEAHCH 4 DR jun . fosl
(FOS-like antigen 1) .tbk1(TANK-binding kinase
1), irf3 (interferon regulatory factor 3) fJ qRT-
PCR 519 (& D) KMAE NNV IRFEIES T jun
A124 FHEFAERIAAS R 2 B I R 3k, LR X4
JIWEA R 3 d i AF SR E 4 4 BV AR X IR
A CBF2E 75 WS AT ORI NNV iE ) VB 4R 5050 4 (B
A B WA NNV 755 L 5848 (K% B2 (5878 4K
T BEAF R NNV 7550 198 48 1% 52 5 21 (58 A8 1
TN NNV %5 . R4l 10 B, NNV 7 &
FIEN 100 pl, HFHFIHES 4 d 5B H qRT-PCR
Ko 4 ZHAF b A R R R A

T 2H A& M 3 e E AT A [ I ) A
X, A Bractin VRN S EE I, B DR A X 3R 15
R 2 AR AT .
1.8 ZHUHZESHH

T H A 1 O XA - b v 227 3R OR L JF T
GraphPad Prism 5 #KfF ¢-tests H1 (Y Two-tailed Xf 325
SERIEAT G 2 o0 M, W M 25 S+ P<C0.05,
* % P<0.01, % * ¥ P<Z0.001, * * * ¥ P<Z0,000 1,
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21 &% jun EER CDS F7I
KA E R E DNA BEB . HHE 1 h sy,
PCR P 3588 H W4 1 000 bp 1Y jun CDS

R B bR T 2RARJE X B W 2w AT Y. DY
PATHE M jun 19 CDS HR IR H S (ATG) B & 1T
(TAG) &K H 921 bp, H4% 306 4~ % % 2 (amino
acid,aa) , WHE N 5 (5~209 aa) 1 Jun #8 52 45 4 35
F1 C %5 (230~290 aa) (1) bZIP #8F iELE I (E 1,

Ccbs F jun DF RT-F
1 ATGTCTAGAAA CGACGCCTCGAACTCGCAGA GTGACGGGACGTCCGCGTATGGGTTCAACCCTAAAACCCTCAAGCAA
1 M s RKMEATFYDDASNSQSDGTSAYGFNPIKTILKAQ
RT-R sgRNA1

100

ACCATGACTTTGAATCTAAACGATCCAAAGAACT TCAAACCTCAGCTCAGCTCGAAGGCTCTGGACAT CCTGACGTCGCCCGATGTGGG GCTGTTGAAG

34 T ™M TLNLNDPIKNFIKPQLSSKALDTILTSPDVGLLK
aRT-F
199 CTTGCCTCGCCGGAGCTGGAGAGGCTCATCATCCAGTCCTGCAACGGCCTGACGACTCCCACCCCGACCCAGTTCGT GAGTTCCAAGAACATCACCGAC
67 LASPELERLTITITQSCNGLTTPTPTAQFVSSKNTITD
sgRNA2
298 GAGCAGGAGGGCTTCGCCGAAGGCTTCGTGAGGGCTCTGGCGGAGCTGCACTACCAGCAGATCCCGGCGGTGCACCCCGATGGACAGACAGTTGCTACC
100 EQEGFAEGFVRALAELHYQQTIPAVHPDGAQTVAT
qRT-R jun DR
397 GGCGGTGCGGEGGTGTGAGAGCGGCGGGATTC CCTACAGTCGCGCTGGACGCGCCGACCCTCCGGAGTACACAAACTTAGCCACTTTCAGCC GGACGGCG
133 G 6GAGCESGGIPYSRAGRADPPEYTNLATTE FSRTA
496 GGGCAAGACCCGGCACCTGTCGTAGACAGACACCCGCCGGCAAGTTACCCCGCCGCCCCACAGCCGTCCCTCATGGCGGCGCAGCACCCGCGGCTGCAG
166 GQDPAPVVDRHPPASYPAAPQPSLMAAQHTPTR RTILA
595 GCGCTCAAGGAGGAGCCGCAGACTGTGCCCGAGATGACCGGCGACACCCCACCGCTCTCTCCCATCGACATGGAGACCCAGGAGCGGATCAAAGCGGAG
199 AL KEEPQTVPEMTCGDT®PPLSPTIDMETA QETRTTZKAE
694 AGGAAGCGCATGCGGAACCGGGTGGCCGCGTCCAAGTGCCGGAAAAGGAAGCTGGAGAGGATCTCTCGGCTGGAGGACAGGGTCAAGAACCTGAAGAGC
232 R KRMRNRVAASKC CRE KTRKTELETRTISTRILETDTR RVEKNTLKS
793 CAAAACACGGAGCTGGTTTCCTCTGCCAACCTGCTCCGGGACGAGCTGGCTCTGCTGAAGCAGAAGGTCATGGACCACGTGAACAGCGGCTGCCAGCTC
265 Q NTELVSSANLLRDETLALLZE KA QKVMDHVYV NSGCAQL
CDS R
892 ATTCTCACACAGCAGCTCCAAGGCTACTAG . L.
208 I'LTQaOalaQo vy * Jun superfamily bZIP superfamily

jun CDS J# 3 FIA LAY HE 751 5738 51 9 T RIZepn it 20 G il E oy gRNA JFS L K@ Jun B 5 S5 #0380 8 (6 bZIP 25438, The

jun CDS sequence and the deduced protein sequences:underline:amplified primers; red bases:gRNA sequences; gray:Jun-like transcription

factor domain; yellow:bZIP domain.
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Fig.1
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U, M FLA AN B R KRBT (B 2),
23 jun RXEK

PL Bractin N2, SR LI 850 I L Sk B B
S ORTE O E E 9 ASEH N jun 1Y 3 R R Gk g
172F o i PCR R, & 90 HAE Fr ks DU A9 9 A4~ 20 41
H 2 L AR B AR R I A5 SR ] 3 R,
24 jun REGRREE

W TR R A B Y B S sgRNATL (5
ATCCTGACGTCGCCCGATGT3")/sgRNA2 (5’
GGACAGACAGTTGCTACCGG3") #l Cas9 mRNA
L 2 IR G . 20t Fo 4R 28 48 R 25 A 0 1 L F1
PRIR i 9 AR S B J & 1 L B B O 1B A B2 AR Al 158
AR ARAF T jun BRK 124 DHEIE R 240G 5 1 58
ARG R (MT: jun ' A124), R IZR RS R B

CDS and protein sequence of medaka jun gene

DNA FUEE (451 2047 B0 (B 4) , & B0 28 748 1A 2 1 ik
KT Jun FMWESE MR bZIP 25K 8, 75 565 59 > At
PR Ak Y BRI 28 1k A AR AR R A
25 junT M2 FEMKEN NN FERE
HR

4 e 24 A5 i sE Tl 2k (1R 5A) W] DL
Jun "7 A124 GEARR G FAH X TR AR T HLA B Y
PUG B AR . AT B0 T Y ) AR - K AR B B AR
S SRR B O A o HR A P b R LR TR] BE G K
FF o i R A ]t 25 i, AT 2R (8T 5B) . 34 TE
£ ) B e S b L A S AR AR R R (B 5C) il
(5D, 1 (B SE) AL (B 5F) 1 NNV [
RNA2 B:P Ay 335 B W A% T 5 A= % BRAH . 3xX i W]
Jun T A124 ZAEPRAY NNV W6 & A L A8
PR A5 F B A B NNV ST 37
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99 NM 213556.3 Junba Danio rerio

100 _|:NM 212750.1 Junbb Danio rerio

XM 004066292.4 Jun-B Oryzias latipes Junb

NM 008416.3 JunB Mus musculus

NM 002229.3 JUNB Homo sapiens
WE XM 005674483.3 JunB Sus scrofa
XM 004078979.4 Jun Oryzias latipes
NM 199987.1 Jun Danio rerio

NM 213880.1 Jun Sus scrofa
NG 047027.1 JUN Homo sapiens

—Jun

100 NM 010591.2 Jun Mus musculus
ﬁ':NM 001128342.1 Jund Danio rerio
XM 023964835.1 Jun-D-like Oryzias latipes

100 NM 001286944.1 JunD Mus musculus

— Jund

100 NM 001286968.2 JUND Homo sapiens
100 XM 021083521.1 JunD Sus scrofa o

B2 34 Jun RIRMRGHAAR

Fig.2 Phylogenetic tree analysis of three Jun families

3 BHARSD jun HREER

Fig.3 Expression pattern of jun in various medaka tissues

RTR (148 . 168) ART-F (259 ..277) (40 r.:mxv;a1 jun DR (468.. 489) £DSR (501..920

0 — C 07

A S0 TRNA
RNAL aRNA2

M1 2 3 4 5 6 7 8 9 1011121314 15161718 192021 2223 WT

B
C Gia sa.
. P———
&0
b ) WT: 11 11 306 aa
Protein domain rp. | 59 aa

A E jun s BRAER jun —/— AL24 (T 2k B2 L 40 G Al A T 98 AR IR CLAE AR R Y 7 B 0 L L 41 68 R itk 124 bp 28748 1K s D. 7 i 15 A= 7
RAFM jun '~ A124 FIE AL, A.The medaka jun gene; B.PCR screening result of mutant jun /= A124,—124 bp mutant were la-

beled by red color; C.Sequence comparison of WT and mutants,jun '~ Al24 as indicated by red arrow; D.The protein domain of wild-type

(WT) and jun /' Al124 (MT).
B4 F8 jun EERERE DNA f1E B & pI 3Tt

Fig.4 Comparison of DNA and protein domains after knockout of medaka jun gene
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AYCRE WA f A7 00 2 BN NNV AR FF 4R 25 77 8.5 d = 4LAF (4716 15 100 . BE T A7 0 FT 20 € 7 Sk A 1 C-FONNV Sl 8 RNA2 3

PP HR B RL A ) Rk

R ZE LR TR AR ER 22, « % x % P<C0.000 1, A.Survival rate of larvae during challenge; B.After

8.5 d from NNV treatment, the survival of larvae in the three groups,dead larvae were marked with red arrows; C-F.Expression of RNA2

gene of NNV virus in eye,brain,gill and muscle. The error line represents the mean & standard deviation, * % x x P<C0.0001.
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Fig.5

junT"m AM24 FIHREHEXEBRRRIE
it qRT-PCR kg il T #t 2= A OC B A jun .
Ffosl1.tbk1.ir f3 76 NNV 5 5 (1 B 4= %I F1 58 25
RN R IRAE O K UAE S 75 05 5 )5 - B A 8 PN A AH
S PR TR AR A AN [R) R BE 0 10 1 Tk S 3R R &
STYHUIRFBRER N . jun 1E jun '~ A124 ISR
8 A B 3 IR (P <<0.000 1) (& 6A), B

2.6

]
2 1s Z 20
bz o
¢ I 3
] X = 1.5
:;* 1.0) _<§
= Z< 10
= ===
g 0.5 =%
= T 05
&z
0.0 = 0.0
WT WT jun” jun™ = WT WT jun’ jun
NNV - + - + NNV - + - +

A-DNNV iE SR jun. fols1.tbk1,irf3 #& jun /'~ A124 F1HEF A 8l A X 335

NNV infection experiment of jun

/-

jun™/T Al24 FEF AR AR NNV FESREIW
.

A124 medaka larvae and adult fish

Jun BIFRIRTER AL N Z B FE T 515 F O T
Jun /T A124 SEARAR T fosl1 R R KA T AR R
A R (P <<0.001) (B AEJR #1555 T AHXT T
B A R 2 K B W 3 R IR (P <C0..000 1) M AE
jun~'T A124 SEARMA R fosi1 (¥ K TEHG FE A T 0k
AR T HBA B 25 (K 6B); £ T 7 5 &
T atbk 1TE jun '~ A124 %8745 K v Y 3% 35 40 X6 T Y

C ns

— D Rk
M
ns
e 4r
5 ns ? ns
L= E3 5l
;ﬁi I
= u @
27 1.0 ™2
™ 7 = £ 9
) = g,
= = o<
= % b
<o 05 Tz
<z =
= =
i“ 0.0 =0
WT WT jun” jun™ WT WT jun’™ jun™”
NNV - + - + NNV - + - +

WELERTFHME L hidEm 2, x P<<0.05,

* % % P<C0.001, * x x x P<(0.0001, A-D.Relative expression of jun . fosl1.tbk1.irf3 in jun '~ A124 and WT induced by NNV. Error
bars represent mean®SD. ¥ P<(0.05, ¥ % % P<(0.001, * x x % P<(0.0001.

& 6

NNViESEEERM jun / Al24 FHEMBREERNBEXN RIE

Fig.6 Relative expression of interferon-related genes in WT and jun/~ A124 induced by NNV
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o Al R R R

540

A W 2 S AR AR BRI T AR T A A
WA REAR (P <<0.05) , A B #E jun '~ Al24 ZEAE R
thkl MRBHEALHHFIES T WA WRA W EZE
S(E 6C);irf3 EARESFWEM T E jun ™
A124 FEASA R G B A T W 22 L (H AR R
B SR RARN irf3 A KA EER B
JH(P<C0.000 1), [A] B 76 2 AE 4K jun '~ Al24 HK
HBEFZEMREIFEWNEEFFA S P <<0.000 1D
(6D,

3 i

16 W jun SN S 500 B IRy RN G g 8
M) —ADEEE T, RO T 560 jun SEH,
38 3 S5 R G i B R A T O AR AR, ) 2P A 5 R
HOEAT B A B HE AR 1T L 28 A8 A £ A P 1Y
370 AR X 7 B X R S RGP A R T
M jun J2 9 5 B Y i F vh i) B R L7

SRR AP-1 W 2 0 TR U sl 5 U8 i R
ZEETE . /& bZIP (basic region leucine zipper,
hZ1P) % 5% [H 7 505 45 ¥ 30 A% 5% 5 L I Jun, Fos,
A WESE R B AR 22 SO M 14 9 B 1T g 65
B bZIP %55 A o 52 ) 1 3 20 B 1Y) 0 5 2 g, fif
TR W A R EAE R
B jun FEH L, HE AL &HLME Jun 8K G
FIAN bZIP 25 48 38, H AR F1 e 40 AL ¢ & Fniz 3R
RBEWAF B jun FEFE AR, AR R AR R B,
T£ 59 aa Ab Jun & A BIFZL L SO 28K bZ-
IP 25 45 M 8, 3 T 8 2 58 78 1R B A P 35 A5OR 19
HEEH,

THEAMEILRH fosl1 .ok irf3 HWHB 5 %%
MR G A G, =R R IR I R M MR i B DDX3
(DEAD-box RNA helicase) f&—Ff 2 A1 Y RE 05 31 1
SR8 3 B e i TBK1/IKKe(In-
hibitor of kappa B kinase ¢)/IRF'S! FI 4 & B B
B R R F R LR e R s . NS 2T g
g3 33 Akt( X FK PKB., Protein kinase B)/p53 (In-
terleukin-12A) 38 % 31 #4 DDX3 /)53 3 1 16 P ik i
s TBK1/IKKe/IRF {5 5 Jf 3 38 5 K 1 5 95 B
UL BRST AR & BN 2 B AT RE A% 3l i B0 ] TNK/
AP-1 3 % S 1 B 2 B8 2 00 & 0 sk Ah, iF
FRW INK Be 9% B B2 1L B0E Tun, #F 10042 #F AP-1

A& R . L, TBK1 Al e-Jun/AP-1 fE3RE b ]
REFEERIER Y jun @R Z)E WLENI jun
TR AR AIRAS , BF LLFE jun AR A bk 1
) 22 3R 7K P A 7E — DA XK B K. fosi ] et
i# o fH A TBK1 Ml TRAF3/TRIF ( TIR-domain-
containing adaptor-inducing interferon B) A H {E#
#il 1R T MR LK . AU E L qRT-PCR 45
ROWRI fosl 1 A B BEBONG 82175 7 1 R B &
EAERAZR A LG T jun B4 S 4R
RRINEACEIRA . M ok 1 TEZRAER B FH NNV
TR BE S BRI A, L, fosi1 WAL T 42
ARV AH fost1 I AR B H H T 48 & 1 Rk,
HAE AL A TCIR R 1935 T o fosi 1 Rl tbk 1 (9 3R
IRERTEA WA UL fosl1 T tbk 1 1Y 3 35 1] BE
5 jun THIZEWNERR . WA irf3 2 TR T4
RO EE L fB1E S IENB 1R IK L JE WL
B G0 IO 2 1Y O B R 4 R A g A v
i 320K R 24 IR & I e R 1 Kat8 REWS L kAL irf3
HEMTREAR i f3 WG SR TEME, S8 ifn- | B RILFE
i, [, Kar8 @R a4 /)N B8 55 A9 TR 52 7 R 45 1
a2 FEM (Carassius auratus L) yirf3 Bt
KPS Tn By A T R IR A8 i 3 W BH Ry 4
il 7 IEN B A4 R T poly-1C BT -+ 90 2 4 ik
SRR Y P L2 AR i £ 3 BES H
B2 5 TR BUR i f3 92 IR (1% 55
i 52 68 3 B 8 A8 22 . AEARWFSE b, @R jun B
Jei » 32 B BE B S ML i f 3 1) 3 I8 AH X B A 7Y
W 53 E A [ IR S AR AR N i f3 B R IR TR B
P54 F N AR T J0 e BE 5 B 2 A P b
P, XULHH jun BELRTTBE I FET irf3 19 &
P&, Jun AT LU 2 40060 Tef3 /100 388 35 40 1 T 38 & i1
ik, B, 2728 PR B it 52 Be 7 09 42 5 v] B 2
i Tef3 P85 BOM5 Sl BRI R T TR R E

25 LTl AT HE W 8 jun FE N AT RE R A
T B B AR b i B 4a R AT AR D e
BB APk R Ak BT
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Molecular characterization of medaka (Oryzias latipes)

jun as negative regulator during antiviral immune response

WANG Zhi' ,PAN Qihua'?,LU Ke',LUO Junzhi' , XIA Bilin',
JIANG Zhengzheng' ,SHEN Ping',LIU Hong',CHEN Tiansheng'"*

1.Key Laboratory of Freshwater Animal Breeding .Ministry of Agriculture and Rural Affairs/
College of Fisheries , Huazhong Agricultural University ,Wuhan 430070,China ;
2.Key Laboratory of Healthy Mariculture for the East China Sea ,Ministry of
Agriculture and Rural Affairs/College of Fisheries,]imei University ,Xiamen 361021 ,China

Abstract Jun (Jun proto-oncogene, AP-1 transcription factor subunit) is a subunit or subfamily
member of the transcription factor AP-1 and play an important role in host immune response.To further
understand the function of jun gene in natural antiviral immunity of fish,the Japanese medaka (Oryzias
latipes) was selected as the research fish model,and the homozygous mutant with jun deletion were ob-
tained by CRISPR/CAS9 system and exposed to nervous necrosis virus (NNV) infection.Based on the
gene cloning, the open reading frame of the medaka jun is 921 bp encoding 306 amino acids,containing N
terminal jun super family structure domain and C terminal bZIP family structure domain. The RNA ex-
pression was highly detected in all examined tissues including the eyes, brain, gill, heart, kidney, ovary.
testis, liver,and spleen. The mutant jun /= was reduced by 124 bp in the genome,leaving only 59 amino
acids N-terminal sequences,and missing the Jun superfamily domain and bZIP domain.Antiviral experi-
ments were then carried out on larval and adult fish of the mutant strain by administrating NNV.The re-
sults showed that the disease resistance of larval mutants was enhanced,and the relative content of virus
in adult tissues including the eye, brain, gill and muscle were significantly lower than in the wild type.
The expression of jun and interferon-related genes fosl1,tbk1 and ir /3 that was induced by NNV virus
were detected by qRT-PCR.It was found that the expression of jun in the mutant was blocked compared
to the wild type,the expression of fosl1 and tbk1 was differentially reduced, while the expression of ir f3
was significantly up-regulated,indicating that the inhibition of jun expression may promote the release
of ir f3.These results suggest that the jun mutant has the ability of virus tolerance,and jun may be a
negative regulator of the antiviral signaling pathway.

Keywords innate immune; jun; gene editing; medaka (Oryzias latipes); anti-virus; negative reg-

ulator

(AR A H 7



